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GOLF BALL HAVING AN AERODYNAMIC
COATING INCLUDING MICRO SURFACE
ROUGHNESS

RELATED APPLICATION DATA

This application is a continuation-in-part of U.S. patent
application Ser. No. 12/569,955 filed Sep. 30, 2009 in the
name of Derek Fitchett. This parent application is entirely
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to golf balls. Particular
example aspects of this invention relate to golf balls having a
coating with micro surface roughness that improves the aero-
dynamic performance of the ball.

BACKGROUND

Golf is enjoyed by a wide variety of players—players of
different genders and dramatically different ages and/or skill
levels. Golf is somewhat unique in the sporting world in that
such diverse collections of players can play together in golf
events, even in direct competition with one another (e.g.,
using handicapped scoring, different tee boxes, in team for-
mats, etc.), and still enjoy the golf outing or competition.
These factors, together with the increased availability of golf
programming on television (e.g., golf tournaments, golf
news, golf history, and/or other golf programming) and the
rise of well known golf superstars, at least in part, have
increased golfs popularity in recent years.

Golfers at all skill levels seek to improve their perfor-
mance, lower their golf scores, and reach that next perfor-
mance “level.” Manufacturers of all types of golf equipment
have responded to these demands, and in recent years, the
industry has witnessed dramatic changes and improvements
in golf equipment. For example, a wide range of different golf
ball models now are available, with balls designed to comple-
ment specific swing speeds and/or other player characteristics
or preferences, e.g., with some balls designed to fly farther
and/or straighter; some designed to provide higher or flatter
trajectories; some designed to provide more spin, control,
and/or feel (particularly around the greens); some designed
for faster or slower swing speeds; etc. A host of swing and/or
teaching aids also are available on the market that promise to
help lower one’s golf scores.

Being the sole instrument that sets a golf ball in motion
during play, golf clubs also have been the subject of much
technological research and advancement in recent years. For
example, the market has seen dramatic changes and improve-
ments in putter designs, golf club head designs, shafts, and
grips in recent years. Additionally, other technological
advancements have been made in an effort to better match the
various elements and/or characteristics of the golf club and
characteristics of a golf ball to a particular user’s swing fea-
tures or characteristics (e.g., club fitting technology, ball
launch angle measurement technology, ball spin rate mea-
surement technology, ball fitting technology, etc.).

Modern golf balls generally comprise either a one-piece
construction or several layers including an outer cover sur-
rounding a core. Typically, one or more layers of paint and/or
other coatings are applied to the outer surface of the golf ball.
For example, in one typical design, the outer surface of the
golf ball is first painted with at least one clear or pigmented
basecoat primer followed by at least one application of a clear
coating or topcoat. The clear coating may serve a variety of
functions, such as protecting the cover material (e.g., improv-
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ing abrasion resistance or durability), improving aerodynam-
ics of ball flight, preventing yellowing, and/or improving
aesthetics of the ball.

One common coating utilizes a solvent borne two-compo-
nent polyurethane, which is applied to the exterior of a golf
ball. The coating may be applied, for example, by using
compressed air or other gas to deliver and spray the coating
materials. The balls and spray nozzles may be rotated with
respect to one another to provide an even coating layer over
the entire ball surface.

Dimples were added to golf balls to improve the aerody-
namics as compared with smooth balls. Variations of the
dimples have been introduced over the years relating to their
size, shape, depth, and pattern. Other concepts have included
the inclusion of small dimples or other structures within
dimples to provide different aerodynamic performance. Such
small dimples or other structures, however, often fill up dur-
ing application of a paint or top coat to the outer surface of the
ball, thus destroying or reducing the intended dimple-in-
dimple aerodynamic effect of the balls.

While the industry has witnessed dramatic changes and
improvements to golf equipment in recent years, some play-
ers continue to look for increased distance on their golf shots,
particularly on their drives or long iron shots, and/or
improved spin or control of their shots, particularly around
the greens and/or at initial launch. Accordingly, there is room
in the art for further advances in golf technology.

SUMMARY

The following presents a general summary of aspects ofthe
disclosure in order to provide a basic understanding of the
disclosure and various aspects of this invention. This sum-
mary is not intended to limit the scope of the invention in any
way, but it simply provides a general overview and context for
the more detailed description that follows.

Aspects of this invention are directed to golf balls having
increased micro surface roughness. Such golf balls may
include, for example: (a) a golf ball body having a first set of
construction specifications and a first dimple pattern formed
on an outer surface of the golf ball body; and (b) a coating
applied to the outer surface of the golf ball body to thereby
produce a coated golf ball body having an exterior surface. At
least one of the outer surface of the golf ball body and the
coating includes a plurality of surface roughening particles to
provide increased micro surface roughness as compared to
golf balls having the same set of construction specifications
and the same dimple pattern but without the micro surface
roughening particles.

In at least some aspects of this invention, the surface rough-
ening particles will be present in a sufficient amount at the
exterior surface of the coated golf ball body such that a micro
surface roughness of the exterior surface of the golf ball is at
least 1.75 times larger than a micro surface roughness of an
exterior surface of a comparative ball having the first set of
construction specifications and the first dimple pattern but not
including the surface roughening particles. The micro surface
roughness includes deviations from an ideal surface of 0.25
mm or less. The micro surface roughness may constitute an
average micro surface roughness of at least 7.5% of an entire
surface area of the ball, wherein the 7.5% of the entire surface
areas is dispersed over at least 36 discrete locations on the
surface of the ball (e.g., the surface area containing or sur-
rounding at least 36 different dimples dispersed around the
ball’s surface).

In other aspects of this invention, the surface roughening
particles will be present in a sufficient amount at the exterior
surface of the coated golf ball body such that one or more of
the following conditions are met: (a) the golf ball exhibits a
coefficient of lift at initial launch that is at least 5% higher as
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compared to a coefficient of lift at initial launch of a com-
parative ball having the first set of construction specifications
and the first dimple pattern but not including the surface
roughening particles; (b) the golf ball exhibits a maximum
coefficient of lift at a location at least 15 yards farther from an
initial launch point as compared to a location of a maximum
coefficient of lift of a comparative ball having the first set of
construction specifications and the first dimple pattern but not
including the surface roughening particles; (c) the golf ball
exhibits a maximum coefficient of lift that is at least 5%
higher than a maximum coefficient of lift of a comparative
ball having the first set of construction specifications and the
first dimple pattern but not including the surface roughening
particles; (d) the golf ball exhibits a higher coefficient of lift
throughout its descent as compared to a coefficient of lift
during descent of a comparative ball having the first set of
construction specifications and the first dimple pattern but not
including the surface roughening particles; and/or (e) the golf
ball exhibits a ratio of coefficient of lift to coefficient of drag
at initial launch that is at least 4% higher as compared to a
ratio of coefficient of lift to coefficient of drag at initial launch
of a comparative ball having the first set of construction
specifications and the first dimple pattern but not including
the surface roughening particles. These conditions are mea-
sured using standard USGA indoor test range testing proto-
cols with balls launched in a pole orientation at an initial
launch velocity of 242 ft/s, an initial launch angle of 11.3°,
and an initial launch spin of 44.7 revolutions/s.

As used herein, balls will be considered to have the “same
ball construction” if they are made to the same construction
specifications with the exception of the roughening material
incorporated into the structure (e.g., same core size and mate-
rials, same intermediate layer(s) size(s) and material(s), same
cover size and material, same dimple patterns, etc.). Also, as
used herein, two dimples will be considered to be of different
dimple “types” if they differ from one another in at least one
of dimple perimeter shape or dimple profile (cross sectional)
shape, including but not limited to different dimple depths,
different dimple diameters, or different dimple radii. Two
dimples will be considered to be of the “same type” if the
CAD or other “blueprint” data or specifications for making
the mold cavity for forming the dimples indicates that the
dimples are intended to have the same size and shape (post
mold treatments, such as coating or painting, may slightly
alter the dimensions from dimple to dimple within a given
dimple type, and these post-molding changes do not convert
dimples of the same “type” to dimples of different “types™).

Other aspects of this invention are directed to methods for
making golf balls including particles to increase micro sur-
face roughness of the ball, e.g., by applying a coating com-
prising a resin and particles to a surface of a golf ball, by
incorporating roughness increasing particles into the cover
member, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
and certain advantages thereof may be acquired by referring
to the following detailed description in consideration with the
accompanying drawings, in which:

FIG. 1 schematically illustrates a golf' ball having dimples.

FIGS. 2 and 2A schematically illustrate a cross-sectional
view of a golfball in accordance with FIG. 1 having a coating
thereon.

FIG. 3 schematically illustrates a cross-sectional view of a
portion of a golf ball having a cover layer and coating in
accordance with FIG. 1 having particles contained within a
resin.
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FIG. 4 schematically illustrates a cross-sectional view of a
portion of a golf ball having a cover layer and coating in
accordance with FIG. 1 having particles applied onto the
surface of a resin.

FIG. 5 depicts test results for Wet Sand Abrasion.

FIG. 6 depicts test results for Wedge Abrasion.

FIG. 7 depicts spin results of golf balls hit using a driver.

FIG. 8 depicts spin results of golf balls hit using a 6 iron.

FIG. 9 depicts spin results of golf balls hit using a wedge.

FIG. 10A is a diagram used in explaining measurement of
surface roughness and deviation of an actual surface from an
“ideal” surface.

FIG. 10B is a diagram used in explaining various dimple
parameters of a golf ball in accordance with this invention.

FIG. 11A through 11D are charts illustrating macro surface
roughness and micro surface roughness features for various
dimples of: (a) roughened balls in accordance with examples
of'this invention and (b) smooth control balls.

FIG. 12 is a graph illustrating the ratio of coefficient of lift
against coefficient of drag for roughened balls in accordance
with examples of this invention and smooth control balls at
various Reynolds number and/or other launch conditions.

FIG. 13 is a graph illustrating vertical trajectory for rough-
ened balls in accordance with examples of this invention and
smooth control balls as launched under conditions represen-
tative of those of an “average” professional player.

FIG. 14 is a graph illustrating coefficient of lift v. carry
distance for roughened balls in accordance with examples of
this invention and smooth control balls as launched under
conditions representative of those of an “average” profes-
sional player.

FIG. 15 combines the data of FIGS. 13 and 14 on a single
graph to allow consideration of certain aspects and features of
the measured data.

The reader is advised that the various parts shown in these
drawings are not necessarily drawn to scale.

DETAILED DESCRIPTION

In the following description of various example structures,
reference is made to the accompanying drawings, which form
a part hereof, and in which are shown by way of illustration
various example golf'ball structures. Itis to be understood that
other specific arrangements of parts and structures may be
utilized and structural and functional modifications may be
made without departing from the scope of the present inven-
tion. As some more specific examples, aspects of this inven-
tion may be practiced on balls having any desired construc-
tion, any number of pieces, any specific dimple design, and/or
any desired dimple pattern.

A. General Description of Golf Balls and Manufacturing
Systems and Methods

Golf balls may be of varied construction, e.g., one-piece
balls, two-piece balls, three-piece balls, four-piece balls, five-
piece balls, wound balls, etc. The differences in play charac-
teristics resulting from these different types of constructions
can be quite significant. Generally, golf balls may be classi-
fied as solid or wound balls. Solid balls that have a two-piece
construction, typically a cross-linked rubber core, e.g., polyb-
utadiene cross-linked with zinc diacrylate and/or similar
cross-linking agents, encased by a blended cover, e.g., iono-
mer resins, are popular with many average recreational golf-
ers. The combination of the core and cover materials provides
arelatively “hard” ball that is virtually indestructible by golf-
ers and one that imparts a high initial velocity to the ball,
resulting in improved distance. Because the materials from
which the ball is formed are very rigid, two-piece balls tend to



US 9,409,064 B2

5

have a hard “feel” when struck with a club. Likewise, due to
their hardness, these balls have a relatively low spin rate,
which also helps provide greater distance.

Wound balls are generally constructed from an encased
liquid or a solid center surrounded by tensioned elastomeric
material (e.g., tensioned rubber bands) and covered with a
durable cover material, e.g., ionomer resin, or a softer cover
material, e.g., balata or polyurethane. Wound balls are gen-
erally thought of as performance golf balls and have good
resiliency, desirable spin characteristics, and good “feel”
when struck by a golf club. However, wound balls are gener-
ally difficult to manufacture as compared to solid golf balls.

More recently, three-piece and four-piece balls have gained
popularity, both as balls for average recreational golfers as
well as performance balls for professional and other elite
level players. Such balls typically include a core (optionally a
multi-part core, such as an inner core and an outer core), one
or more mantle or intermediate layers (also called “inner
cover” layers), and an outer cover layer.

A variety of golf balls have been designed to provide par-
ticular playing characteristics. These characteristics gener-
ally include control of the initial velocity and spin of the golf
ball, which can be optimized for various types of players. For
instance, certain players prefer or need a ball that has a high
spin rate in order to optimize launch angle and/or control and
stop the golf'ball around the greens. Other players prefer a ball
that has a low spin rate and high resiliency to maximize
distance and/or prevent excessive lift at initial launch.

The carry distance of some conventional two-piece balls
has been improved by altering the typical single layer core
and single cover layer construction to provide a multi-layer
ball, e.g., a dual cover layer, a dual core layer, and/or a ball
having an intermediate layer disposed between the cover and
the core. Three-piece and four-piece balls (and even five-
piece balls) are now commonly found and are commercially
available. Aspects of this invention may be applied to all types
of ball constructions, including the wound, solid, and/or
multi-layer ball constructions described above.

FIG. 1 shows an example of a golf ball 10 that includes a
plurality of dimples 18 formed on its outer surface. FIGS. 2
and 2A show an example of a cross section of such a golf ball
10, which has a core 12, an intermediate layer 14, a cover 16
having a plurality of dimples 18 formed therein, and a coating
20 applied over the exterior surface of the golf ball 10. The
golfball 10 alternatively may be only one piece such that the
core 12 represents the entirety of the golf ball 10, and the
plurality of dimples 18 are formed on the outer surface of the
core 12. The ball 10 also may have any other desired con-
struction, including conventional constructions and the vari-
ous example constructions described herein. The thickness of
the coating 20 typically is significantly less than that of the
cover 16 or the intermediate layer 14, and by way of example
may range from about 8 to about 50 pm. The coating 20
should be substantially uniformly applied to the exterior of
the ball (e.g., a substantially uniform thickness) and should
have a minimal effect on the depth and volume of the dimples
18. An optional primer or basecoat may be applied to the
exterior surface of the cover 16 of the golf ball 10 prior to
application of the outermost coating layer 20.

The Center

Some golf balls may be formed, for example, with a center
having a low compression, but still exhibit a finished ball
COR and initial velocity approaching that of conventional
two-piece distance balls. The center may have, for example, a
compression of about 60 or less. The finished balls made with
such centers may have a COR, measured at an inbound speed
of 125 ft./s., of about 0.795 to about 0.815. “COR?” refers to
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“coetficient of restitution,” which is determined by dividing a
ball’s rebound velocity by its initial (i.e., incoming) velocity.
Ball COR measurement is performed by firing the golf ball
samples out of an air cannon at a vertical steel plate over a
range of test velocities (e.g., from 75 to 150 ft/s). A golf ball
having a high COR dissipates a smaller fraction of its total
energy when colliding with the plate and rebounding there-
from than does a ball with a lower COR.

The terms “points” and “compression points” refer to the
compression scale or the compression scale based on the
ATTI Engineering Compression Tester. This scale, which is
well known to persons skilled in the art, may be used in
determining the relative compression of a center or ball.

While the center may have a wide variety of characteristics,
in some examples, the center (or core) may have a Shore C
hardness of about 40 to about 80. The center may have a
diameter of about 0.75 inches to about 1.68 inches. The base
composition for forming the center may include, for example,
polybutadiene and about 20 to 50 parts of a metal salt diacry-
late, dimethacrylate, or monomethacrylate. If desired, the
polybutadiene can also be mixed with other elastomers
known in the art, such as natural rubber, styrene butadiene,
and/or isoprene, in order to further modify the properties of
the center. When a mixture of elastomers is used, the amounts
of other constituents in the center composition are usually
based on 100 parts by weight of the total elastomer mixture.
In other examples, the center (or core) may be made from
resin materials, such as HPF resins (optionally with barium
sulfate included therein), which are commercially available
from E.I. DuPont de Nemours and Company of Wilmington,
Del.

Metal  salt  diacrylates,  dimethacrylates, and
monomethacrylates include without limitation those wherein
the metal is magnesium, calcium, zinc, aluminum, sodium,
lithium or nickel. Zinc diacrylate, for example, provides golf
balls with a high initial velocity in the United States Golf
Association (“USGA”) standard test.

Free radical initiators often are used to promote cross-
linking of the metal salt diacrylate, dimethacrylate, or
monomethacrylate and the polybutadiene. Suitable free radi-
cal initiators include, but are not limited to, peroxide com-
pounds, such as dicumy! peroxide; 1,1-di(t-butylperoxy) 3,3,
S-trimethyl cyclohexane; bis(t-butylperoxy)
diisopropylbenzene; 2,5-dimethyl-2,5di(t-butylperoxy)
hexane; or di-t-butyl peroxide; and mixtures thereof. The
initiator(s) at 100 percent activity may be added in an amount
ranging from about 0.05 to about 2.5 pph based upon 100
parts of butadiene, or butadiene mixed with one or more other
elastomers. Often the amount of initiator added ranges from
about 0.15 to about 2 pph, and more often from about 0.25 to
about 1.5 pph. The golf ball centers may incorporate 5 to 50
pph of zinc oxide (ZnO) in a zinc diacrylate-peroxide cure
system that cross-links polybutadiene during the core mold-
ing process.

The center compositions also may include fillers, added to
the elastomeric (or other) composition, to adjust the density
and/or specific gravity of the center. Non-limiting examples
of fillers include zinc oxide, barium sulfate, and regrind, e.g.,
recycled core molding matrix ground to about 30 mesh par-
ticle size. The amount and type of filler utilized is governed by
the amount and weight of other ingredients in the composi-
tion, bearing in mind a maximum golf'ball weight of 1.620 oz
has been established by the USGA. Fillers usually range in
specific gravity from about 2.0 to about 5.6. The amount of
filler in the center may be lower such that the specific gravity
of the center is decreased.
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The specific gravity of the center may range, for example,
from about 0.8 to about 1.3, depending upon such factors as
the size of the center, cover, intermediate layer and finished
ball, as well as the specific gravity of the cover and interme-
diate layer. Other components such as accelerators, e.g., tetra
methylthiuram, processing aids, processing oils, plasticizers,
dyes and pigments, antioxidants, as well as other additives
well known to the skilled artisan may also be used in amounts
sufficient to achieve the purpose for which they are typically
used.

Intermediate Layer(s)

The golf ball also may have one or more intermediate
layers formed, for example, from dynamically vulcanized
thermoplastic elastomers, functionalized styrene-butadiene
elastomers, thermoplastic rubbers, polybutadiene rubbers,
natural rubbers, thermoset elastomers, thermoplastic ure-
thanes, metallocene polymers, thermoset urethanes, ionomer
resins, or blends thereof. For example, an intermediate layer
may include a thermoplastic or thermoset polyurethane. Non-
limiting examples of commercially available dynamically
vulcanized thermoplastic elastomers include SANTO-
PRENE®, SARLINK®, VYRAM®, DYTRON®, and
VISTAFLEX®. SANTOPRENE® is a dynamically vulca-
nized PP/EPDM. Examples of functionalized styrene-butadi-
ene elastomers, i.e., styrene-butadiene elastomers with func-
tional groups such as maleic anhydride or sulfonic acid,
include KRATON FG-1901x and FG-1921x, which are avail-
able from the Shell Corporation of Houston, Tex.

Examples of suitable thermoplastic polyurethanes include
ESTANE® 58133, ESTANE® 58134 and ESTANE® 58144,
which are commercially available from the B. F. Goodrich
Company of Cleveland, Ohio.

Examples of metallocene polymers, i.e., polymers formed
with a metallocene catalyst, include those commercially
available from Sentinel Products of Hyannis, Mass. Suitable
thermoplastic polyesters include polybutylene terephthalate.
Thermoplastic ionomer resins may be obtained by providing
a cross metallic bond to polymers of monoolefin with at least
one member selected from the group consisting of unsatur-
ated mono- or di-carboxylic acids having 3 to 12 carbon
atoms and esters thereof (the polymer contains 1 to 50 percent
by weight of the unsaturated mono- or di-carboxylic acid
and/or ester thereof). More particularly, low modulus iono-
mers such as acid-containing ethylene copolymer ionomers,
include E/X/Y copolymers where E is ethylene, X is a soft-
ening comonomer such as acrylate or methacrylate. Non-
limiting examples of ionomer resins include SURLYN® and
IOTEK®, which are commercially available from DuPont
and Exxon, respectively.

Alternatively, the intermediate layer(s) may be a blend of a
first and a second component wherein the first component is
a dynamically vulcanized thermoplastic elastomer, a func-
tionalized styrene-butadiene elastomer, a thermoplastic or
thermoset polyurethane or a metallocene polymer and the
second component is a material such as a thermoplastic or
thermoset polyurethane, a thermoplastic polyetherester or
polyetheramide, a thermoplastic ionomer resin, a thermoplas-
tic polyester, another dynamically vulcanized elastomer,
another a functionalized styrene-butadiene elastomer,
another a metallocene polymer or blends thereof. At least one
of'the first and second components may include a thermoplas-
tic or thermoset polyurethane.

One or more intermediate layers also may be formed from
a blend containing an ethylene methacrylic/acrylic acid
copolymer. Non-limiting examples of acid-containing ethyl-
ene copolymers include ethylene/acrylic acid; ethylene/
methacrylic acid; ethylene/acrylic acid/n- or isobutyl acry-
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late; ethylene/methacrylic acid/n- or iso-butyl acrylate;
ethylene/acrylic acid/methyl acrylate; ethylene/methacrylic
acid/methyl acrylate; ethylene/acrylic acid/iso-bornyl acry-
late or methacrylate and ethylene/methacrylic acid/isobornyl
acrylate or methacrylate. Examples of commercially avail-
able ethylene methacrylic/acrylic acid copolymers include
NUCREL® polymers, available from DuPont.

Alternatively, the intermediate layer(s) may be formed
from a blend which includes an ethylene methacrylic/acrylic
acid copolymer and a second component which includes a
thermoplastic material. Suitable thermoplastic materials for
use in the intermediate blend include, but are not limited to,
polyesterester block copolymers, polyetherester block
copolymers, polyetheramide block copolymers, ionomer res-
ins, dynamically vulcanized thermoplastic elastomers, sty-
rene-butadiene elastomers with functional groups such as
maleic anhydride or sulfonic acid attached, thermoplastic
polyurethanes, thermoplastic polyesters, metallocene poly-
mers, and/or blends thereof.

An intermediate layer often has a specific gravity of about
0.8 or more. In some examples the intermediate layer has a
specific gravity greater than 1.0, e.g., ranging from about 1.02
to about 1.3. Specific gravity of the intermediate layer may be
adjusted, for example, by adding a filler such as barium sul-
fate, zinc oxide, titanium dioxide and combinations thereof.

The intermediate layer blend may have a flexural modulus
of'less than about 10,000 psi, often from about 5,000 to about
8,000 psi. The intermediate layers often have a Shore D
hardness of about 35 to 70. The intermediate layer and core
construction together may have a compression of less than
about 65, often from about 50 to about 65. Usually, the inter-
mediate layer has a thickness from about 0.020 inches to
about 0.2 inches. The golf balls may include a single inter-
mediate layer or a plurality of intermediate layers. In the case
where a ball includes a plurality of intermediate layers, a first
intermediate layer outside the core (which also may be called
an “outer core”) may include, for example, a thermoplastic
material or a rubber material (synthetic or natural) having a
hardness greater than that of the core. A second intermediate
layer may be disposed around the first intermediate layer and
may have a greater hardness than that of the first intermediate
layer. The second intermediate layer may be formed of mate-
rials such as polyether or polyester thermoplastic urethanes,
thermoset urethanes, and ionomers such as acid-containing
ethylene copolymer ionomers. An intermediate layer imme-
diately inside the outer cover layer also may be called an
“inner cover.”

In addition, if desired, a third intermediate layer (or even
more layers) may be disposed in between the first and second
intermediate layers. The third intermediate layer may be
formed of the variety of materials as discussed above. For
example, the third intermediate layer may have a hardness
greater than that of the first intermediate layer.

The Cover Layer

A golf'ball also typically has a cover layer that includes one
ormore layers of a thermoplastic or thermosetting material. A
variety of materials may be used such as ionomer resins,
thermoplastic polyurethanes, balata and blends thereof.

The cover may be formed of a composition including very
low modulus ionomers (VLMIs). As used herein, the term
“very low modulus ionomers,” or the acronym “VLMIs,” are
those ionomer resins further including a softening comono-
mer X, commonly a (meth)acrylate ester, present from about
10 weight percent to about 50 weight percent in the polymer.
VLMIs are copolymers of an a-olefin, such as ethylene, a
softening agent, such as n-butyl-acrylate or iso-butyl-acry-
late, and an o, f-unsaturated carboxylic acid, such as acrylic
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or methacrylic acid, where at least part of the acid groups are
neutralized by a magnesium cation. Other examples of soft-
ening comonomers include n-butyl methacrylate, methyl
acrylate, and methyl methacrylate. Generally, a VLMI has a
flexural modulus from about 2,000 psi to about 10,000 psi.
VLMIs are sometimes referred to as “soft” ionomers.

Ionomers, such as acid-containing ethylene copolymer
ionomers, include E/X/Y copolymers where E is ethylene, X
is a softening comonomer such as acrylate or methacrylate
present in 0 to 50 weight percent of the polymer, and Y is
acrylic or methacrylic acid present in 5 to 35 (often 10 to 20)
weight percent of the polymer, wherein the acid moiety is
neutralized 1 to 90 percent (usually at least 40 percent) to
form an ionomer by a cation such as lithium, sodium, potas-
sium, magnesium, calcium, barium, lead, tin, zinc or alumi-
num, or a combination of such cations, lithium, sodium and
zinc being the most preferred. Specific acid-containing eth-
ylene copolymers include ethylene/acrylic acid, ethylene/
methacrylic acid, ethylene/acrylic acid/n-butyl acrylate, eth-
ylene/methacrylic  acid/n-butyl  acrylate,  ethylene/
methacrylic acid/iso-butyl acrylate, ethylene/acrylic acid/
iso-butyl acrylate, ethylene/methacrylic  acid/n-butyl
methacrylate, ethylene/acrylic acid/methyl methacrylate,
ethylene/acrylic acid/methyl acrylate, ethylene/methacrylic
acid/methyl acrylate, ethylene/methacrylic acid/methyl
methacrylate, and ethylene/acrylic acid/n-butyl methacry-
late.

To aid in the processing of the cover stock, ionomer resins
may be blended in order to obtain a cover having desired
characteristics. For this reason, the cover may be formed from
a blend of two or more ionomer resins. The blend may
include, for example, a very soft material and a harder mate-
rial. Ionomer resins with different melt flow indexes are often
employed to obtain the desired characteristics of the cover
stock. SURLYN® 8118, 7930 and 7940 have melt flow indi-
ces of about 1.4, 1.8, and 2.6 g/10 min., respectively. SUR-
LYN® 8269 and SURLYN® 8265 each have a melt flow
index ofabout 0.9 g/10 min. A blend of ionomer resins may be
used to form a cover having a melt flow index, for example, of
from about 1 to about 3 g/10 min. The cover layer may have
a Shore D hardness, for example, ranging from about 45 to
about 80.

The cover also may include thermoplastic and/or thermo-
set materials. For example, the cover may include a thermo-
plastic material such as urethane or polyurethane. Polyure-
thane is a product of a reaction between a polyurethane
prepolymer and a curing agent. The polyurethane prepolymer
is a product formed by a reaction between a polyol and a
diisocyanate. Often, a catalyst is employed to promote the
reaction between the curing agent and the polyurethane pre-
polymer. In the case of cast polyurethanes, the curing agent is
typically either a diamine or glycol.

As another example, a thermoset cast polyurethane may be
used. Thermoset cast polyurethanes are generally prepared
using a diisocyanate, such as 2,4-toluene diisocyanate (TDI),
methylenebis-(4-cyclohexyl isocyanate) (HMDI), or para-
phenylene diisocyanate (“PPDI”) and a polyol which is cured
with a polyamine, such as methylenedianiline (MDA), or a
trifunctional glycol, such as trimethylol propane, or tet-
rafunctional glycol, such as N,N,N',N'-tetrakis(2-hydroxpro-
pylethylene-diamine. Other suitable thermoset materials
include, but are not limited to, thermoset urethane ionomers
and thermoset urethane epoxies. Other examples of thermoset
materials include polybutadiene, natural rubber, polyiso-
prene, styrene-butadiene, and styrene-propylene-diene rub-
ber.
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When the cover includes more than one layer, e.g., an inner
cover layer and an outer cover layer, various constructions
and materials are suitable. For example, an inner cover layer
may surround the intermediate layer with an outer cover layer
disposed thereon or an inner cover layer may surround one or
a plurality of intermediate layers. When using an inner and
outer cover layer construction, the outer cover layer material
may be a thermoset material that includes at least one of a
castable reactive liquid material and reaction products
thereof, as described above, and may have a hardness from
about 30 Shore D to about 68 Shore D.

The inner cover layer may be formed from a wide variety of
hard (e.g., about 50 Shore D or greater), high flexural modu-
lus resilient materials, which are compatible with the other
materials used in the adjacent layers of the golfball. The inner
cover layer material may have a flexural modulus of about
65,000 psi or greater. Suitable inner cover layer materials
include the hard, high flexural modulus ionomer resins and
blends thereof, which may be obtained by providing a cross
metallic bond to polymers of monoolefin with at least one
member selected from the group consisting of unsaturated
mono- or di-carboxylic acids having 3 to 12 carbon atoms and
esters thereof (the polymer contains 1 to 50 percent by weight
of the unsaturated mono- or di-carboxylic acid and/or ester
thereof). More particularly, such acid-containing ethylene
copolymer ionomer component includes E/X/Y copolymers
where E is ethylene, X is a softening comonomer such as
acrylate or methacrylate present in 0-50 weight percent of the
polymer, and Y is acrylic or methacrylic acid present in 5-35
weight percent of the polymer, wherein the acid moiety is
neutralized about 1-90 percent to form an ionomer by a cation
such as lithium, sodium, potassium, magnesium, calcium,
barium, lead, tin, zinc, or aluminum, or a combination of such
cations. Specific examples of acid-containing ethylene
copolymers include ethylene/acrylic acid, ethylene/meth-
acrylic acid, ethylene/acrylic acid/n-butyl acrylate, ethylene/
methacrylic acid/n-butyl acrylate, ethylene/methacrylic acid/
iso-butyl acrylate, ethylene/acrylic acid/iso-butyl acrylate,
ethylene/methacrylic acid/n-butyl methacrylate, ethylene/
acrylic acid/methyl methacrylate, ethylene/acrylic acid/me-
thyl acrylate, ethylene/methacrylic acid/methyl acrylate, eth-
ylene/methacrylic acid/methyl methacrylate, and ethylene/
acrylic acid/n-butyl methacrylate.

Examples of other suitable inner cover materials include
thermoplastic or thermoset polyurethanes, polyetheresters,
polyetheramides, or polyesters, dynamically vulcanized elas-
tomers, functionalized styrene-butadiene elastomers, metal-
locene polymers, polyamides such as nylons, acrylonitrile
butadiene-styrene copolymers (ABS), or blends thereof.
Manufacturing Process

While golfballs in accordance with examples of this inven-
tion may be made in any desired manner without departing
from this invention, including in conventional manners as are
known and used in the art, one common technique for manu-
facturing golf balls is a laminate process. In order to form
multiple layers around the center, a laminate is first formed.
The laminate includes at least two layers and sometimes
includes three layers. The laminate may be formed by mixing
uncured core material to be used for each layer and calendar
rolling the material into thin sheets. Alternatively, the lami-
nate may be formed by mixing uncured intermediate layer
material and rolling the material into sheets. The laminate
sheets may be stacked together to form a laminate having
three layers, using calender rolling mills. Alternatively, the
sheets may be formed by extrusion.

A laminate also may be formed using an adhesive between
each layer of material. For example, an epoxy resin may be
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used as adhesive. The adhesive should have good shear and
tensile strength, for example, a tensile strength over about
1500 psi. The adhesive often has a Shore D hardness of less
than about 60 when cured. The adhesive layer applied to the
sheets should be very thin, e.g., less than about 0.004 inches
thick.

Preferably, each laminate sheet is formed to a thickness
that is slightly larger than the thickness of the layers in the
finished golf'ball. Each of these thicknesses can be varied, but
all have a thickness of preferably less than about 0.1 inches.
The sheets should have very uniform thicknesses.

The next step in the method is to form multiple layers
around the center. This may be accomplished by placing two
laminates between a top mold and a bottom mold. The lami-
nates may be formed to the cavities in the mold halves. The
laminates then may be cut into patterns that, when joined,
form a laminated layer around the center. For example, the
laminates may be cut into figure 8-shaped or barbell-like
patterns, similar to a baseball or a tennis ball cover. Other
patterns may be used, such as curved triangles, hemispherical
cups, ovals, or other patterns that may be joined together to
form a laminated layer around the center. The patterns may
then be placed between molds and formed to the cavities in
the mold halves. A vacuum source often is used to form the
laminates to the mold cavities so that uniformity in layer
thickness is maintained.

After the laminates have been formed to the cavities, the
centers are then inserted between the laminates. The lami-
nates are then compression molded about the center under
conditions of temperature and pressure that are well known in
the art. The mold halves usually have vents to allow flowing of
excess layer material from the laminates during the compres-
sion molding process. As an alternative to compression mold-
ing, the core and/or intermediate layer(s) may be formed by
injection molding or other suitable technique.

The next step involves forming a cover around the golfball
core. The core, including the center and any intermediate
layers, may be supported within a pair of cover mold-halves
by a plurality of retractable pins. The retractable pins may be
actuated by conventional means known to those of ordinary
skill in the art.

After the mold halves are closed together with the pins
supporting the core, the cover material is injected into the
mold in a liquid or flowable state through a plurality of injec-
tion ports or gates, such as edge gates or sub-gates. With edge
gates, the resultant golf balls are all interconnected and may
be removed from the mold halves together in a large matrix.
Sub-gating automatically separates the mold runner from the
golf balls during the ejection of the golf balls from mold
halves.

The retractable pins may be retracted after a predetermined
amount of cover material has been injected into the mold
halves to substantially surround the core. The liquid cover
material is allowed to flow and substantially fill the cavity
between the core and the mold halves, while maintaining
concentricity between the core and the mold halves. The
cover material is then allowed to solidify around the core, and
the golf balls are ejected from the mold halves and subjected
to finishing processes, including coating, painting, and/or
other finishing processes, including processes in accordance
with examples of this invention, as will be described in more
detail below.

B. General Description of Coating Materials

The coating in accordance with at least some examples of
this invention comprises a resin and a plurality of particles.
The resin may be any suitable resin, non-limiting examples of
which include thermoplastics, thermoplastic elastomers,
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such as polyurethanes, polyesters, acrylics, low acid thermo-
plastic ionomers, e.g., containing up to about 15% acid, and
UV curable systems.

The coating may comprise additional additives incorpo-
rated into the resin, such as flow additives, mar/slip additives,
adhesion promoters, thickeners, gloss reducers, flexibilizers,
cross-linking additives, isocyanates or other agents for tough-
ening or creating scratch resistance, optical brighteners, UV
absorbers, anti-yellowing agents, and the like. The amount of
such additives usually ranges from 0 to about 5 wt %, often
from O to about 1.5 wt %, based on total weight ofthe coating.

In addition, solid particles (e.g., silica) to provide the micro
surface roughness may be contained within the resin or
adhered to and/or embedded into the surface of resin as
described in more detail below.

As another alternative, if desired, the particles for produc-
ing the micro roughened surface (as will be described in more
detail below) may be incorporated into the cover material 16,
and this cover material 16 may be coated with one or more
coating layers 20 that may or may not include additional
micro roughening particles.

C. General Description of Coating Devices

The coating materials may be delivered by spray guns
(either fixed or articulating types). Examples of devices that
may be used include heated spray equipment and electrostatic
and high volume-low pressure (HVLP) devices. The golf
balls are typically placed on work holders, where they rotate
and pass through a spray zone in a specified time to obtain full
coverage of their exterior surfaces. Additionally or alterna-
tively, if desired, the spray heads that apply the coating mate-
rial may be movable with respect to the balls and/or articu-
lated to assist in applying a uniform coating to the entire ball
structure. Suitable coating systems and methods for use in
this invention may include conventional coating systems as
are known and used in the art.

In some aspects of this invention, a carrier fluid comprising
nitrogen gas or nitrogen-enriched air may be used to deliver
the coating material to the exterior surface of the golf ball.
Nitrogen is clean and dry (anhydrous) in its elemental gas
state. Nitrogen can be ionized to eliminate problems associ-
ated with moisture and static electricity.

Suitable equipment for applying coatings using nitrogen-
enriched air is described, for example, in U.S. Pat. No. 6,821,
315, the disclosure of which is incorporated by reference in its
entirety. Such devices are commercially available from N2
Spray Solutions. In general, such devices operate by mixing a
carrier fluid under pressure and the coating material. The
carrier fluid comprises nitrogen-enriched air, which typically
contains about 90-99.5% nitrogen by volume. Nitrogen-en-
riched air may be produced, for example, by passing air
through hollow-fiber membranes as described in the *315
patent.

The temperature of the carrier fluid may be adjusted to
optimize coating properties. In general, heating the carrier
fluid reduces viscosity and reduces the need for solvents.
Reducing viscosity improves flow, aides in atomization, and
purges the solvent, resulting in a finer spray with a higher
solids content. The carrier fluid may be heated, for example,
to a temperature of about 100° F. to about 170° F. (38° C. to
76.6° C.), often from about 150° F. to about 170° F. (65.6° C.
t0 76.6° C.). Other parameters, such as pressure, also may be
suitably adjusted to achieve improved drying characteristics
and/or other efficiencies. For example, atomization air pres-
sure of about 40 psi (275.8 kPa) may be employed. U.S.
Published Patent Appln. No. 2010/0298069 published Nov.
25, 2010 and entitled “Method and Apparatus for Applying a
Topcoat to a Golf Ball Surface” describes systems and meth-
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ods utilizing nitrogen-containing or nitrogen-enriched deliv-
ery fluids to apply coating materials to golf balls. This pub-
lished patent application is entirely incorporated herein by
reference.
D. Specific Examples of Invention

The term “golf ball body” as used herein means a golf ball
before applying the top coat (e.g., a ball structure including a
core, one or more intermediate layers, and a cover layer with
dimples). In terms of'the discussion below, the term “coating”
often will be used to identify the top coat or last layer applied
to the golf ball, but, as also described below, if desired,
another coating may be applied over the roughened coating
material or roughened cover layer, if desired, provided that an
overall micro surface roughened outer surface is still pro-
vided. Often the terms “paint” or “painting” may be used
synonymously with a “coating” or “coating” process without
departing from this invention.

Some aspects of this invention relate to golf balls having a
top coat or other coating over the cover layer, wherein this
coating comprises a resin having particles contained therein
or applied thereon. The particles provide a golf ball having a
somewhat roughened surface (e.g., micro-roughened), as will
be described in more detail below.

If the resin contains the particles, after the resin is applied
to the golf ball body to form the coating, at least some of the
particles may protrude beyond an average thickness of the
resin. In some instances, the average size of the particles may
be greater than the average thickness of the resin. As shown in
FIG. 3, generally the particles 22 protrude from the surface
such that a thin portion ofthe resin 20 still covers the particles.
The surface of the ball will therefore be roughened somewhat,
as shown in FIG. 3. The coating 20 thickness and surface
roughness shown in FIG. 3 is exaggerated to help better
illustrate features of this aspect of the invention.

If'the resin itself does not contain the particles necessary to
provide the roughened surface when it is applied to the golf
ball cover 18, after the resin is applied, and prior to drying,
particles may be applied to the wet resin. The particles may
adhere to and/or become at least partially embedded into the
resin, but still extend from the surface of the resin to provide
a somewhat roughened surface. As shown in FIG. 4, in this
example structure and method, particles 22 are applied to the
surface of resin 20. Again, the sizes shown in FIG. 4 are
exaggerated to help better illustrate features of this aspect of
the invention.

If desired, the features of FIGS. 3 and 4 may be combined
into a single ball construction. More specifically, if desired,
after the coating process of FIG. 3, additional particles may be
adhered to the coating 20 in a process like that shown and
described above in conjunction with FIG. 4. The additional
step of post coating particle adherence (e.g., like that of FIG.
4) may be selectively applied to certain areas of the ball (e.g.,
areas where lower than desired roughness is observed) or may
be applied to specific predetermined areas of the ball (e.g., at
the poles, at the seam, at areas covered or “shadowed” by a
holding device during an initial coating process, etc.). Addi-
tionally or alternatively, if desired, as noted above, roughen-
ing particles 22 may be included in the cover layer 16, in at
least some examples of this invention. In such arrangements
and methods, the coating 20 should not be applied so thick as
to completely smooth out the areas between particles 22 in the
cover 16 (i.e., so that sufficient micro surface roughness con-
tinues to exist in the final product).

The particles 22 allow for fine tuning of and/or improve-
ment to the aerodynamic performance of golf balls in flight,
e.g.,to enable longer flights of the golf ball, better lift, etc. The
particles cause the finish of the coating to be rougher and on
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a micro-scale act as small dimples, which is believed to
increase the turbulence in the air flow around the ball and
reduce flow separation on the golf ball, thereby reducing
pressure drag. Also, if desired, the durability of the golf ball
may be improved both in cut resistance and abrasion resis-
tance, e.g., depending on the properties of and/or materials
used in the coating 20.

Given the general description of various example aspects
of the invention provided above, more detailed descriptions
of various specific examples of golf ball structures according
to the invention are provided below.

II. Detailed Description of Example Golf Balls and
Methods According to Aspects of the Invention

The following discussion and accompanying figures
describe various example golf balls in accordance with
aspects of the present invention. When the same reference
number appears in more than one drawing, that reference
number is used consistently in this specification and the draw-
ings to refer to the same or similar parts throughout.

As described above, FIG. 3 and FIG. 4 illustrate aspects of
the invention related to golf balls having a top coat or other
coating comprising resin and particles contained within the
resin or applied and/or embedded thereon, respectively.

The particles may be of any shape and may be regular,
irregular, uniform, non-uniform, or mixtures thereof. The
particles may be any polygon or other geometric shape,
including regular shapes, such as spheres or cubes. The
spheres may have a round cross-section or may be flattened to
provide an elongated or oval cross-section. The cubes may be
of square or rectangular cross-section. Irregular shapes may
be defined by an irregular surface, an irregular perimeter,
protrusions, or extensions. The particles may be rounded,
elongated, smooth, rough, or have edges. Combinations of
different shapes of particles may be used. Crystalline or regu-
lar particles, such as tetrapods, may also be used.

Particles may be made from any material known in the art,
such as organic or inorganic, plastics, composite materials,
ceramics, and metals. Suitable particles include, but are not
limited to, amorphous particles, such as silicas, and crystal-
line particles, such as metal oxides, e.g., zinc oxide, iron
oxides, or titanium oxide. As additional examples, particles
may comprise fumed silica, amorphous silica, colloidal
silica, alumina, colloidal alumina, titanium oxide, cesium
oxide, yttrium oxide, colloidal yttria, zirconia, colloidal zir-
conia, polyethylene terephthalate, polybutylene terephtha-
late, polyethylene naphthalate, vinyl esters, epoxy materials,
phenolics, aminoplasts, polyurethanes and composite par-
ticles of'silicon carbide or aluminum nitride coated with silica
or carbonate.

The particles may be selected to provide a desired level of
micro surface roughness to the golfball to achieve the desired
aerodynamic qualities of the golfball, as well as to optionally
improve abrasion resistance. The particles may by of any
suitable hardness and durability. Softer particles tend to affect
spin, for example.

The average size of the particles may depend on various
factors, such as the material selected for the particles. Gen-
erally, the particle sizes will range from 400 nm to 40
microns, and in some example constructions, from 5 to 20
microns. In one particular example, the particle sizes range
from 8 to 12 microns. The particles may be approximately the
same size or may be different sizes, optionally within the
defined ranges. If the particles are applied to the surface of the
resin (e.g., as in FIG. 4), they would generally be smaller than
if they were contained within the coating (e.g., as in FIG. 3).
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Any suitable resin may be used including thermoplastics,
thermoplastic elastomers such as polyurethanes, polyesters,
acrylics, low acid thermoplastic ionomers, e.g., containing up
to about 15% acid, and UV curable systems. Specific
examples include AKZO NOBEL 7000A103. Paints and top-
coats of the types conventionally known and used in golf ball
production (e.g., as coating layer 20) may be used as the base
resin to contain roughening particles without departing from
this invention.

Additional additives optionally may be incorporated into
the resin, such as flow additives, mar/slip additives, adhesion
promoters, thickeners, gloss reducers, flexibilizers, cross-
linking additives, isocyanates or other agents for toughening
or creating scratch resistance, optical brighteners, anti-yel-
lowing agents, UV absorbers, and the like. The amount of
such additives usually ranges from 0 to about 5 wt %, often
from 0 to about 1.5 wt %.

The viscosity of the resin prior to application to the golf
ball body may be about generally 16 to 24 seconds as mea-
sured by #2 Zahn cup. Generally the resin is thin enough to
easily spray the coating onto the golf ball body, but thick
enough to prevent the resin from substantially running after
application to the golf ball body.

The thickness of the applied resin (after drying) typically
ranges from of about 8 to about 50 um, and in some examples,
from about 10 to about 15 pm. When the particles are con-
tained within the resin, the thickness of the resin may be less
than the particle size in order to allow at least some of the
particles to protrude from the resin.

The coating contains a plurality of particles, generally, 0.1
to 30 wt % particles based on total coating weight, and in
some examples, from 3 to 10 wt %.

The coating may be clear or opaque and may be white or
have a tint or hue or other coloring pigment. The particles may
be of any color. Generally application of the coating and
particles to the outside of the golf'ball, if present in a sufficient
amount, will give the ball somewhat of a dull or matte finish,
as compared to the brighter or shinier finish of many conven-
tional golfballs. The particles tend to diffuse some of the light
in a clear coat, for example.

According to one aspect of the present invention, a coating
is formed by applying and drying a resin on the surface of the
golf ball body. The method of applying the resin is not lim-
ited. For example, a two-component curing type resin such as
a polyurethane may be applied by an electrostatic coating
method, or by a spray method using a spray gun, for example,
after mixing an aqueous polyol liquid with a polyisocyanate.
In the case of applying the coating with the spray gun, the
aqueous polyol liquid and the polyisocyanate may be mixed
bit by bit, or the aqueous polyol liquid and the polyisocyanate
are fed with the respective pumps and continuously mixed in
a constant ratio through the static mixer located in the stream
line just before the spray gun. Alternatively, the aqueous
polyol liquid and the polyisocyanate can be air-sprayed
respectively with the spray gun having the device for control-
ling the mixing ratio thereof. Subsequently, the two-compo-
nent curing type urethane resin on the surface of the golfball
body is dried.

In one aspect, the coating comprises resin (with any addi-
tives) and particles mixed therein. The coating is applied to
the golf ball body such as described above. Prior to applica-
tion to the golf ball body, the particles may be added to the
resin as a separate ingredient, or may be pre-mixed with one
of'the components in a two-component coating composition.

In another aspect, a resin layer (with any additives) is
applied to the golf' ball body such as described above. Prior to
drying, particles are applied to the top of the wet resin layer
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using a media blaster, sand blaster, powder coating device, or
other suitable device. The particles may adhere to the surface
and/or be embedded into the surface of the resin layer.

In another aspect, a very thin resin layer may be applied on
top of the particles to hold the particles in place. Generally
this resin layer is composed of the same resin layer initially
applied, but may have a thinner viscosity. This additional thin
layer of resin may be provided, if necessary or desired, to fine
tune or somewhat reduce the exterior surface roughness of the
ball.

Examples

Golf balls were prepared with the following coatings and
then tested for various properties

Inventive #1—Polyurethane Clear Coat with 5% to 10% by
weight small silica particles (1 um to 500 nm). Smooth
appearance.

Inventive #2—Polyurethane Clear Coat with 5% to 10% by
weight large silica particles (1 um to 5 um). Rough,
matte appearance.

Comparative—Standard Polyurethane Clear Coat with no
added silica particles.

In the Wet Sand Abrasion test, balls were tumbled in wet
sand for 8 hrs. The balls were compared visually. Lower
scores indicated less damage to the ball. The balls were
graded from 1 to 5 with 1 being the best and 5 being the worst.
Attention is drawn to FIG. 5, which shows that Inventive
Sample #2 had a lower (better) wet sand abrasion score as
compared to that of the Comparative Sample.

In the Wedge Abrasion test, balls were hit with a standard
56 deg. wedge and the degree of scuffing was visually ana-
lyzed. Lower scores again indicated less damage to the ball.
The balls were graded from 1 to 5 with 1 being the best and 5
being the worst. Attention is drawn to FIG. 6, which shows
that Inventive Sample #1 had a lower (better) wedge abrasion
score as compared to that of the Comparative Sample.

The spin graphs (FIGS. 7-9) show the inventive coating can
increase spin somewhat off of irons and wedges without
increasing driver spin. This is advantageous for more distance
and control off the driver (lower spin) and more control
around the green (higher spin).

Aerodynamic Data

Golf balls in accordance with examples of this invention
were subjected to various aerodynamic tests as described in
more detail below.

In the following evaluation, the “surface roughness” (also
called “Ra” in this specification) of various balls was evalu-
ated. Surface roughness may be thought of as the arithmetic
average of deviation from an ideal surface, and it may be
calculated according to the following formula:

Ro=1/n3 i
i=1

where y represents the height of the surface’s deviation from
an “ideal surface” at a specific location and “n” represents the
number of height deviation measurements made on the sur-
face. The ideal surface may be defined as the location of the
perfectly smooth surface without roughness or height devia-
tions, e.g., the average surface location over the area mea-
sured. In at least some instances, the ideal surface may be
defined by a “best fit” curve derived from a three-dimensional
surface scan of the ball’s surface (described in more detail
below) and/or derived at least in part from CAD data repre-
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senting the surface of the mold cavity from which the ball
cover is formed (optionally taking into account the additional
thickness provided by any post-mold coating(s)).

Height deviation measurements may be made in any
desired number and/or at any desired spacing around a ball
without departing from this invention. FIG. 10A provides an
example of the manner in which height deviation and surface
roughness may be measured. In this example, while an ideal,
smooth surface is illustrated (which may be flat or curved,
e.g., corresponding to the curvature of a “perfect” ball or a
“perfect” dimple, shown as a broken line in FIG. 10A), the
actual surface (the solid line) is shown to have peaks and
valleys. Measurements of the actual surface location with
respect to the ideal surface location are made at constant
spaced distances across the desired surface area (e.g., the
entire surface of the ball, at selected locations around the ball
surface, within or around one or more dimples, on one or
more land areas, etc.), and that measured distance corre-
sponds to the height in the “y” direction that the actual surface
deviates from the ideal surface at that specific location. Then,
the sum of the absolute values for these height deviations at all
measured actual surfaces is divided by the total number of
measurements taken to thereby provide an average roughness
value for the ball (“Ra”), e.g., as indicated from the formula
above.

Appropriate measurements of the change in the surface
height (e.g., height deviations) may be made using three-
dimension scanning systems as are known and commercially
available (e.g., a system including a Hirox OL-3501I lens, a
Hirox KH-1300 microscope (available from Hirox-USA,
Inc., River Edge, N.J.), a COMS Remote Controller CP-3R,
Hirox KH-1300 Microscope Controller, COMS Position
Controller CP-310, and a COMS CD-3R_MMMB Amplifier)
. Such systems are capable of making three-dimensional
models of an object being scanned.

As a more specific example, a three-dimension scanning
system, like that described above, may be programmed to
take about 4900 “pictures” around the area of a single dimple.
More specifically, for a single dimple, 70 sub-pictures may be
made (e.g., with a tiling factor (picture overlap) of 25%) over
the surface area of the dimple (a 7x10 matrix of pictures) and
its immediately surrounding area, and each sub-picture
includes 70 pictures in the vertical direction (to locate the
surface in the depth direction). These pictures (and subpic-
tures) allow for computerized reconstruction of a representa-
tion of the actual dimple surface.

Another term used in this specification is called “micro
surface roughness.” “Micro surface roughness” is simply the
Ra value described above, but only counting deviations from
the ideal surface 0f 0.25 mm or smaller (although other cutoff
values may be used without departing from this invention).
This parameter may be referred to herein as Ra_, wherein “x”
represents the desired upper limit of deviation considered to
constitute “micro” surface roughness. Thus, deviations from
the ideal surface location of 0.25 mm or less may be referred
to herein as Ra, ,s, deviations from the ideal surface of a
height of 0.3 mm or less may be referred to herein as Ra, 5,
etc. The sum of all surface roughness (e.g., with no upper limit
or cut off height, with a cut off height of 80 mm, etc.) also is
referred to in this specification as “macro surface roughness.”
Thus, “micro surface roughness” may be thought of as the
portion of overall or macro surface roughness contributed by
height deviations of 0.25 mm or less (or other desired upper
limit, as noted above).

Any desired manner of measuring surface roughness and/
or deviation of an actual surface from an “ideal surface” may
be used without departing from this invention to determine
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both “macro surface roughness” and “micro surface rough-
ness,” although the three-dimensional scanning system
described above was used in the tests described below.

In these experiments, a golf ball model having a smooth
exterior coating was used as the control ball. This ball model
had a three piece construction with a thermoplastic polyure-
thane cover. For the inventive balls, the same ball construc-
tion, dimple pattern, and materials were used, except silica
particles were incorporated into the polyurethane clear coat
applied to the balls such that the balls had a rough, matte
appearance (the control balls have this same type of coating
without the additional silica particles added thereto).

FIG. 10B provides an illustration that helps to explain
certain dimple properties as those terms are used in this speci-
fication. FIG. 10B illustrates a partial cross-sectional view of
aportion of a golfball cover layer 16 with a dimple 18 formed
in it prior to coating (the other layers of the ball and the
coating are omitted to improve clarity). The partial cross-
sectional view of FIG. 10B is taken at a center of dimple 18
that has a round outer perimeter surface edge shape (when
looking directly down at the dimple 18 on the ball’s surface).
As shown in FIG. 10B, the majority of this example dimple 18
has acircular arc cross-sectional shape. Thus, the dimple 18 is
said to have a “dimple radius,” wherein the center C of this
dimple radius is located outside of the ball 10.

Dimples 18 in accordance with at least some examples of
this invention may have a sharp or abrupt corner at the junc-
tion of the surface 164 of the cover layer 16 and the interior
surface 18a of the dimple 18. Often, however, as shown in
FIG. 10B, the dimple edge will be more rounded, e.g., having
an edge radius R,. While any desired edge radius may be
provided in dimple constructions in accordance with
examples of this invention, in some more specific examples,
the edge radius R, will be in the range 0f 0.1 to 5 mm, and in
some examples, within the range of 0.25 to 3 mm or even
within the range 0f 0.25 to 1.5 mm. Such dimples 18 may still
be considered to have a spherical sector shape and a circular
arc cross sectional shape even when the extreme edges of the
dimple 18 have a different shape (such as a rounded corner or
edge) to facilitate transition between the interior dimple sur-
face 184 and the outermost cover layer surface 16a.

Indimples 18 of the type illustrated in FIG. 10B, the dimple
has no clear cut beginning or edge. Thus, as used in this
specification, the edge (or perimeter) of the dimple 18 may be
determined by locating the points E at which tangents at the
exact opposite sides of the dimple 18 are parallel (to thereby
provide the single dot-dash line shown in FIG. 10B labeled
“Flat Cap”). These tangent points can be located, in effect, by
laying a “flat cap” down over the dimple and finding the
location on the ball surface on which this cap rests (e.g., using
CAD representations of dimples). These tangent points E
define the dimple 18 edge E, and for dimples having a round
perimeter edge, the distance between the opposite tangent
points E is defined as the dimple’s “diameter” as that term is
used in this specification. For dimples having other perimeter
shapes (such as polygons, ellipses, ovals, etc.), a similar
dimple dimensional size may be defined, such as length,
width, major axis, minor axis, major radius, minor radius,
chord length, diagonal length, etc.

The dimple’s “depth,” as used in this specification, means
the dimension of the dimple from its deepest point to the
tangent “flat cap” line, as shown in FIG. 10B. For spherical
sector dimples having a circular arc cross sectional shape, this
dimple “depth” will be measured at the geometric center of
the dimple 18, from the flat cap line to the dimple interior
surface 18a at the dimple 18’s center.
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The control golf balls (including their “smooth” polyure-
thane clear coat) were used in these tests and similar balls, but
with the rough exterior clear coat (including silica roughen-
ing particles) were used (Inventive Balls #2 described above).
Two of the control balls weighed 45.3559 g and 45.3883 g,
respectively, and two of the balls treated in accordance with
this invention weighed 45.7568 gand 45.7448 g, respectively.
A Mettler Toledo scale was used for the weight measure-
ments. While the roughened balls were on average 0.379
grams heavier than the smooth balls (0.8% heavier), this
difference is believed to have a negligible effect on the com-
parative trajectories of these two types of balls (as estimated
by the estimation model provided by Bissonnette, et al., in
U.S. Pat. No. 6,729,976, which patent is entirely incorporated
herein by reference).

Any desired amount of the surface area of the ball may be
measured to determine the surface roughness (both micro and
macro) for the ball. Preferably, measurements will be made
over sufficient areas dispersed around the ball to provide an
adequate sampling so that the determined roughness values
can be statistically attributed to the entire ball. For these
experiments, multiple dimples of each dimple type on the ball
were measured (including the dimple itself and a portion of its
surrounding area), and each of the measured dimples was
measured two or three times. The average of the surface
roughness measurements for the multiple measurements of
each dimple was used as the result for that dimple. This
procedure resulted in the measurement of 36 total dimples
(each measured 2 or 3 times, as noted above), and the mea-
sured locations were dispersed around the golf ball surface.

Insome example surface roughness measuring tests for this
invention, the roughness of at least 7.5% of the ball’s overall
surface area will be measured, optionally in at least 36 dis-
crete areas dispersed around the ball surface, and this mea-
sured surface roughness will be considered the surface rough-
ness of the entire ball. For some measurement techniques, the
discrete areas will be centered on or fully contain a dimple,
and measurements will be made on at least six different
dimples of each size (provided that the ball has at least six
dimples of each size, and if not, all dimples of that size will be
measured). The dimples measured should be dispersed
around the ball (e.g., dimples on opposite sides or hemi-
spheres of the ball) so as to provide a good overall estimate of
the surface roughness. Dimples are considered to be of the
“same size” if the dimples are intended to have the same size
and shape after they are molded (e.g., the same perimeter
shape, profile shape, depth, height, diameter, diameter to
depth ratio, etc.) and before coating takes place. Dimples will
be considered to be of the “same size” if the CAD or other
“blueprint” data for making the mold cavity for forming the
dimples indicates that the dimples are intended to have the
same size and shape.

The macro and micro surface roughnesses of the control
balls and the inventive balls were measured using scanning
equipment as described above, and the measurement results
for one dimple size are shown in FIGS. 11A and 11B. As
shown in FIG. 11A, the macro surface roughness Ra is sub-
stantially the same for both balls (each having an Rag,,,,, of
about 46 to 47 um). This stands to reason because the ball’s
dimples constitute the main contributor to macro surface
roughness as the ball’s overall surface roughness is domi-
nated by the presence of the dimples (i.e., the overall surface
roughness contribution due to the microparticles is small as
compared to the overall surface roughness contribution dueto
the much larger dimples). Notably, however, as shown in FI1G.
11B, the dimples on the two ball types have significantly
different micro surface roughnesses (Rag ;s i this
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example). The noted dimples of the smooth, control balls had
a micro surface roughness of about 0.6 pm, while the corre-
sponding dimples of the balls including the silica particles to
roughen their surface have a micro surface roughness of about
1.9 um.

Additionally, the macro and micro surface roughnesses of
another dimple type of the control balls and the inventive balls
were measured, and the measurement results are shown in
FIGS.11Cand11D. As shown in FIG. 11C, the macro surface
roughness Ra is substantially the same for both balls (each
having an Rag,,,,,,, of about 45 to 46 pum). Notably, however, as
shown in FIG. 11D, these dimples on the two ball types have
significantly different micro surface roughnesses (Rag 55,,ms
in this example). The noted dimples of the smooth, control
balls had a micro surface roughness of about 1.0 um, while the
corresponding dimples of the balls including the silica par-
ticles to roughen their surface have a micro surface roughness
of'about 1.96 pm.

The following Table provides the average micro and macro
surface roughnesses as measured for the various dimple types
on the control “smooth coated” ball and on the inventive
“rough coated” ball:

TABLE 1
MACRO AND MICRO SURFACE ROUGHNESS MEASUREMENTS

Roughened Roughened

Ball - Micro Control Ball - Ball - Macro Control Ball -
Dim- Surface Micro Surface Surface Macro Surface
ple Roughness Roughness Roughness Roughness
Type  [Mm]Ragos mm  [MM] Rag s [HM] Rago [nm] Ragg ym
A 1.90 0.76 44.83 46.97
B 2.25 0.88 41.78 36.04
C 2.19 0.76 35.64 37.70
D 2.38 0.59 45.71 46.14
E 1.90 0.60 46.10 47.30
F 1.96 1.00 4491 45.90
Ave 2.10 0.77 43.2 433

Thus, the roughened ball had more than 1.75 times the
micro surface roughness (Ra, 55,,,,) as compared to the same
ball construction without a roughened final coating (e.g.,
without silica particles provided in and/or adhered to the
polyurethane clear coat), while the macrosurface roughness
remained relatively constant. For some of the measured
dimples, the roughened ball had more than 2 times and even
more than 3 times the microsurface roughness as compared to
its smooth counterpart. As noted above, as used herein, balls
will be considered to have the “same ball construction” if they
are made to the same construction specifications with the
exception of the roughening material incorporated into the
structure (e.g., same core size and materials, same interme-
diate layer(s) size(s) and material(s), same cover size and
material, same dimple patterns (positions and sizes), etc.).

At least some advantageous aspects of this invention (as
will be described in more detail below) may be realized for
roughened balls that have at least 1.75 times the micro surface
roughness (Rag, 55,,,,,) as the same ball construction without a
roughened final coating, and in some examples, in balls hav-
ing at least 2 times the micro surface roughness (Ra, 5s,,,,) Or
even at least 2.5 or 3 times the surface roughness (Ra, 55,,,,)-
Micro surface roughness may be measured in any desired
manner, provided it is measured consistently on the two ball
surface’s being compared and is capable of measuring height
deviations less than or equal to the desired micro surface
roughness limit. Also, the three-dimensional scanning pro-
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cess described above may be used for measuring dimple
micro and macro surface roughnesses.

The dimple scanning process described above found that,
for dimples of the same type (e.g., comparing the measured E
dimples noted above), the roughened (inventive) ball had
slightly deeper dimples (on average) as compared to the
smooth (control) ball (e.g., about 158 um v. 150 pum, respec-
tively, for Dimple Type E and about 152 pum v. 146 respec-
tively, for Dimple Type F). Typically, for dimples of a com-
mon diameter (with other factors being equal), shallower
dimples (and an increased dimple diameter to depth ratio)
will lead to higher trajectories. See, T. Sajima, et al., “The
Aerodynamic Influence of Dimple Design on Flying Golf
Ball” in Springer (ed.) Engineering of Sport 6, pp. 143-148,
which article is entirely incorporated herein by reference.
From this “conventional wisdom,” due to its somewhat
deeper dimples, if any ball trajectory change is noted, one
would expect the roughened (inventive) ball to have a lower
trajectory as compared to its smooth (shallower dimpled)
counterpart control ball. As shown in the ITR data described
below, however, the roughened ball in accordance with this
invention in fact had a higher trajectory than is smooth coun-
terpart.

The aerodynamic performances of the golf balls were
tested using an Indoor Test Range (“ITR”) corresponding to
that used by the United States Golf Association (“USGA”) for
testing golf balls for conformance with USGA rules. This
equipment and the USGA testing procedures are commonly
known and used in the golf ball art, so further detailed
description will be omitted. This system is capable of mea-
suring and/or determining the non-dimensional parameters of
Reynolds number (“Re”) and Spin Ratio (S.R.) at which each
ball is launched, as well as the coefficient of 1ift (“C,””) and the
coefficient of drag (“C,”) experienced by the ball during its
flight. For ITR measurements in this experiment, in accor-
dance with typical practice, six balls of every ball type (i.e.,
the smooth, control golf ball and the modified rough coated
version of this same ball) were shot through the I'TR system,
and each ball was shot in a “seam orientation” (i.e., seam
aligned with a vertical plane and oriented in the direction of
launch) and a “pole orientation” (i.e., seam aligned with a
horizontal plane). Moreover, the balls were launched through
the ITR system at 15 different Reynolds number and spin
ratio combinations (for a total of 180 ITR shots and measure-
ments per ball type), ranging from Reynolds number of about
72,000 to Reynolds number of about 220,000. The fifteen
Reynolds number and spin ratio settings corresponded to
those used in conventional USGA testing.

The launch conditions, initial velocity, starting angle, and
spin for driver shot simulation during some I'TR testing were
set to about 266 km/h (242 ft/sec), 11.3°, and 44.7 revolu-
tions/sec (2682 RPM), respectively, to mimic launch condi-
tions of a typical professional golfer (these are average driver
launch conditions measured in 2009 on the PGA Tour). Vari-
ous other launch conditions also were tested, e.g., at various
different Reynolds number and spin ratio conditions, as noted
above.

FIG. 12 is a graph showing the measured coefficient of lift
to coefficient of drag ratio (C,/Cj) over the tested range of
Reynolds numbers using ITR testing for the smooth coated
(control) balls and the rough coated (inventive) balls with the
balls launched in the pole position. Notably, the roughened
(inventive) balls displayed a higher C,/C,, ratio over all or
substantially all of the Reynolds number range tested. The
difference in C,/Cj, ratio is most prominent at the extreme
ends of the test ranges. For example, as shown in FIG. 12, at
a Reynolds number of about 72,000, the smooth control ball
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had a C,/C, ratio of about 0.84, while the roughened (inven-
tive) ball had a C,/C,, ratio of about 0.91 (more than an 8%
higher C,/C, ratio). Also, at a Reynolds number of about
205,000, the smooth control ball had a C,/C, ratio of about
0.70, while the roughened (inventive) ball had a C;/C, ratio
of'about 0.73 (more than a 4% higher C,;/C, ratio).

The difference in trajectories (vertical) between these two
ball types (with the balls launched in the pole orientation) is
illustrated in the graph of FIG. 13, which shows a plot of ball
height against ball flight carry yardage. Notably, the apex of
the roughened (inventive) ball is about 1.4 yds (1.28 m)
higher than that of the smooth (control) ball. The overall
difference in carry length is 1.46 yds (1.33 m), with the
roughened (inventive) ball having the longer carry. The fol-
lowing Table provides some additional data obtained during
ITR testing of these two types of balls.

TABLE 2
DRIVER SHOT SIMULATION DATA FOR TESTED BALLS IN
POLE ORIENTATION
Parameter Control Ball  Inventive Ball % Difference
Speed (ft/s) (Predetermined 242 242 0
Launch Condition)
Launch Angle (°) 11.3 11.3 0
(Predetermined Launch
Condition)
Spin (rev/s) (Predetermined 447 447 0
Launch Condition)
Carry (yd) 275.8 277.2 +0.51%
Loft Time (s) 7.18 7.39 +2.9%
Total Distance (yd) 291.2 292.4 +0.41%
Descent Angle (°) 414 41.8 +1.0%
vV 94.8 92.7 -2.2%
Max Height (yd) (“Apex”™) 375 38.9 +3.7%
Carry Distance at Max 185.7 184.0 -0.92%
Height (yd)
Max Angle Player Sees (°) 12.38 12.93 +4.4%

Notably, the ball in accordance with the example of this
invention has a longer carry, a longer flight time, and a higher
apex.

FIG. 14 shows a plot of the coefficient of lift (C,) for the
two ball types tested under the above noted driver launch
conditions for FIG. 13 throughout the flight (in the pole
orientation), and FIG. 15 shows both the trajectory curves
(from FIG. 13) and the coefficient of lift data (from FIG. 14)
in a single graph plotted against the carry distance. Notably,
these figures show an increase in the coefficient of lift
throughout almost the entire ball flight trajectory. More spe-
cifically, as shown in these figures, early in the flight (e.g., at
launch and inside 80 yards of carry), the roughened (inventive
ball) has a higher coefficient of lift than the control ball. As a
golfball is launched with backspin, the lift force helps get the
ball into the air and fly farther because the lift force counter-
acts against gravitation forces pulling the ball back down to
the ground (and thus, depending on spin conditions, a higher
coefficient of lift at launch can be beneficial, at least for some
players). From about 100 yards to 165 yards of carry, the
coefficients of lift for the two ball types are substantially the
same. As the balls reach their apexes (e.g., from about 170 yds
of carry and beyond), however, dramatic differences in the
coefficient of lift are shown. More specifically, as shown in
FIGS. 14 and 15, the roughened (inventive) ball maintains a
relatively high coefficient of lift beyond the flight apex (e.g.,
greater than or about 0.26) as compared to the coefficient of
lift for the control ball (which dipped to about 0.22). More-
over, the roughened (inventive) ball’s coefficient of lift
remains higher than that of the control ball throughout the
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balls’ descents. This is shown in FIG. 15 by the vertical
separation of the C; curves beyond the upper peaks in the
trajectory curves (i.e., to the right of line P located at the area
of the trajectory peaks of the two balls). Maintaining as high
a coefficient of lift as possible at the end of the ball flight (i.e.,
after the ball’s apex) is desirable for at least some players
because this tends to keep the ball up in the air a little longer
during descent, thereby providing longer carry distances
(e.g., balls having low coefficients of lift after the apex tend to
have a flight that appears more like “dropping out of the sky™).

Notably, FIGS. 14 and 15 also show that the coefficient of
lift for the roughened (inventive) ball reaches its peak or
maximum (C; Max) at a greater carry distance (about 200
yds) than the location of the coefficient of lift peak or maxi-
mum (C,; Max) for the control ball (at about 173 yds). Thus,
in this example, the roughened ball experienced an increased
coefficient of lift and an increasing coefficient of lift through
alonger portion of the ball’s flight (as compared to the control
ball).

The following Table provides some additional ITR test
results and data (measured as described above) for both the
pole and seam orientations for golf balls in accordance with
examples of this invention and their smooth coated counter-
parts.

TABLE 3
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closure, however, is to provide examples of the various fea-
tures and concepts related to the invention, not to limit the
scope of the invention. One skilled in the relevant art will
recognize that numerous variations and modifications may be
made to the embodiments described above without departing
from the scope of the present invention, as defined by the
appended claims. For example, the various features and con-
cepts described above in conjunction with the figures may be
used individually and/or in any combination or subcombina-
tion without departing from this invention.

We claim:

1. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface, wherein the coating includes a resinand
a plurality of surface roughening particles, wherein the
surface roughening particles have an average size 0f 400
nm to 40 pm, wherein the surface roughening particles
are present in a sufficient amount at the exterior surface
of the coated golf ball body such that an average micro
surface roughness of the exterior surface of the golf ball

ITR DATA FOR VARIOUS PARAMETERS OF GOLF BALLS

Pole % Seam %
Control  Inventive Difference Control  Inventive Difference

Ball- Ball- (Rough v. Ball- Ball- (Rough v.

Pole Pole Smooth) Seam Seam Smooth)
Max Cp 0.286 0.298 +4.20% 0.314 0.311 -0.96%
Max C;, 0.256 0.273 +6.64% 0.280 0.290 +3.57%
X Location 172.7yd  202.0yd  +17.0%  205.2yd 2209yd  +7.65%
of Max C,
Y Height 37.0yd 37.8yd  +2.16% 34.7 yd 31.9yd  -8.07%
of Max C,
Max C;/Cp, 0.924 0.935 +1.19% 0.907 0.938 +3.42%
C;/Cpat 0.699 0.733 +4.86% 0.670 0.706 +5.37%
Launch
Cpat 0.223 0.232 +4.04% 0.222 0.231 +4.05%
Launch
Cyat 0.156 0.170 +8.97% 0.149 0.163 +9.40%
Launch
Total Carry 2758yd  277.2yd  +0.51%  2773yd  277.7yd  +0.14%
Distance
Max 37.5yd 389yd  +3.73% 36.0 yd 36.7yd  +1.94%
Height
Carry 185.7yd 184.0 -0.92%  183.8yd 1825yd -0.71%
Distance
at Max Height

50

The golf ball body of the present invention has no limita-

tion on its structure and includes a one-piece golf ball, a
two-piece golfball, a multi-piece golf ball comprising at least
three layers, and a wound-core golf ball, including balls with
different constructions, materials, and the like. Moreover, the
present invention can be applied to any type of dimple pattern,
including patterns with at least some non-round dimples (e.g.,
polygonal dimples, asymmetric dimples, dual radius dimples,
etc.). The present invention can be applied for all types of the
golf ball.

II1. Conclusion

The present invention is described above and in the accom-
panying drawings with reference to a variety of example
structures, features, elements, and combinations of struc-
tures, features, and elements. The purpose served by the dis-
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is between about 1.3 pm and about 3 um, and wherein
micro surface roughness includes deviations from an
ideal surface of 0.25 mm or less.
2. The golf ball according to claim 1, wherein the particles
have an average size of 5 to 20 microns.
3. The golf ball according to claim 1, wherein the resin has
an average thickness of 8 to 50 microns.
4. The golf ball according to claim 1, wherein the resin has
an average thickness of 10 to 15 microns.
5. The golf ball of claim 1, wherein the resin includes a
thermoplastic elastomer.
6. The golf ball of claim 1, wherein the particles comprise
1 to 30 wt % of the total weight of the coating.
7. The golf ball of claim 1, wherein the particles are
selected from the group consisting of: fumed silica, amor-
phous silica, colloidal silica, alumina, colloidal alumina, tita-
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nium oxide, cesium oxide, yttrium oxide, colloidal yttria,
zirconia, colloidal zirconia, polyethylene terephthalate, poly-
butylene terephthalate, polyethylene naphthalate, vinyl
esters, epoxy materials, phenolics, aminoplasts, polyure-
thanes and composite particles of silicon carbide or alumi-
num nitride coated with silica or carbonate.

8. The golf ball according to claim 1, wherein the coating
includes particles contained within the resin.

9. The golf ball according to claim 1, wherein the coating
includes a resin layer applied to the outer surface of the golf
ball body and a plurality of particles adhered to or embedded
in an outer surface of the resin layer.

10. The golf'ball according to claim 1, wherein the golf ball
body includes a core and a cover layer, wherein the plurality
of dimples are formed in the cover layer.

11. The golf ball according to claim 1, wherein the micro
surface roughness constitutes an average micro surface
roughness of atleast 7.5% of an entire surface area of the ball,
wherein the 7.5% of the entire surface areas is dispersed over
at least 36 discrete locations on the surface of the ball.

12. The golf ball according to claim 1, wherein the micro
surface roughness constitutes an average micro surface
roughness of atleast 7.5% of an entire surface area of the ball,
wherein the 7.5% of the entire surface areas includes surface
area surrounding at least 36 different dimples dispersed
around the surface of the ball.

13. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface, wherein the coating includes a resinand
a plurality of surface roughening particles, wherein the
surface roughening particles have an average size of 400
nm to 40 um, wherein the surface roughening particles
are present in a sufficient amount at the exterior surface
of the coated golf ball body such that an average micro
surface roughness of the exterior surface of the golf ball
is between about 1.3 pm and about 3 um and the golf ball
exhibits a coefficient of lift at initial launch that is at least
5% higher as compared to a coefficient of lift at initial
launch of a comparative ball having the first set of con-
struction specifications and the first dimple pattern but
not including the surface roughening particles, wherein
micro surface roughness includes deviations from an
ideal surface of 0.25 mm or less and wherein the coef-
ficient of lift is measured at initial launch using standard
USGA indoor test range testing protocols with balls
launched in a pole orientation at an initial launch veloc-
ity of 242 fi/s, an initial launch angle of 11.3°, and an
initial launch spin of 44.7 revolutions/s.

14. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface, wherein the coating includes a resinand
a plurality of surface roughening particles, wherein the
surface roughening particles have an average size of 400
nm to 40 um, wherein the surface roughening particles
are present in a sufficient amount at the exterior surface
of the coated golf ball body such that an average micro
surface roughness of the exterior surface of the golf ball
is between about 1.3 pm and about 3 um and the golf ball
exhibits a maximum coefficient of lift at a location at
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least 15 yards farther from an initial launch point as
compared to a location of a maximum coefficient of lift
of a comparative ball having the first set of construction
specifications and the first dimple pattern but not includ-
ing the surface roughening particles, wherein micro sur-
face roughness includes deviations from an ideal surface
of 0.25 mm or less and wherein the coefficient of lift is
measured using standard USGA ITR testing protocols
with balls launched in a pole orientation at an initial
launch velocity of 242 {t/s, an initial launch angle of
11.3°, and an initial launch spin of 44.7 revolutions/s.

15. A golf ball, comprising:
a golf ball body having a first set of construction specifi-

cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body

to thereby produce a coated golf ball body having an
exterior surface, wherein the coating includes a resinand
a plurality of surface roughening particles, wherein the
surface roughening particles have an average size 0f 400
nm to 40 pm, wherein the surface roughening particles
are present in a sufficient amount at the exterior surface
of the coated golf ball body such that an average micro
surface roughness of the exterior surface of the golf ball
is between about 1.3 pm and about 3 wm and the golfball
exhibits a maximum coefficient of lift that is at least 5%
higher than a maximum coefficient of lift of a compara-
tive ball having the first set of construction specifications
and the first dimple pattern but not including the surface
roughening particles, wherein micro surface roughness
includes deviations from an ideal surface 0of 0.25 mm or
less and wherein the coefficient of lift is measured using
standard USGA indoor test range testing protocols with
balls launched in a pole orientation at an initial launch
velocity of 242 ft/s, an initial launch angle of 11.3°, and
an initial launch spin of 44.7 revolutions/s.

16. A golf ball, comprising:
a golf ball body having a first set of construction specifi-

cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body

to thereby produce a coated golf ball body having an
exterior surface, wherein the coating includes a resinand
a plurality of surface roughening particles, wherein the
surface roughening particles have an average size 0f 400
nm to 40 pm, wherein the surface roughening particles
are present in a sufficient amount at the exterior surface
of the coated golf ball body such that an average micro
surface roughness of the exterior surface of the golf ball
is between about 1.3 pm and about 3 wm and the golfball
exhibits a higher coefficient of lift throughout its descent
as compared to a coefficient of lift during descent of a
comparative ball having the first set of construction
specifications and the first dimple pattern but not includ-
ing the surface roughening particles, wherein micro sur-
face roughness includes deviations from an ideal surface
of 0.25 mm or less and wherein the coefficient of lift is
measured using standard USGA indoor test range test-
ing protocols with balls launched in a pole orientation at
an initial launch velocity of 242 {t/s, an initial launch
angle of 11.3°, and an initial launch spin of 44.7 revo-
lutions/s.

17. A golf ball, comprising:
a golf ball body having a first set of construction specifi-

cations and a first dimple pattern formed on an outer
surface of the golf ball body; and
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a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface, wherein the coating includes a resinand
a plurality of surface roughening particles, wherein the
surface roughening particles have an average size of 400
nm to 40 um, wherein the surface roughening particles
are present in a sufficient amount at the exterior surface
of the coated golf ball body such that an average micro
surface roughness of the exterior surface of the golf ball
is between about 1.3 pm and about 3 um and the golf ball
exhibits a ratio of coefficient of lift to coefficient of drag
at initial launch that is at least 4% higher as compared to
a ratio of coefficient of lift to coefficient of drag at initial
launch of a comparative ball having the first set of con-
struction specifications and the first dimple pattern but
not including the surface roughening particles, wherein
micro surface roughness includes deviations from an
ideal surface of 0.25 mm or less and wherein the coef-
ficient of lift and coefficient of drag are measured at
initial launch using standard USGA indoor test range
testing protocols with balls launched in a pole orienta-
tion at an initial launch velocity of 242 fi/s, an initial
launch angle of 11.3°, and an initial launch spin of 44.7
revolutions/s.

18. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface,

wherein at least one of the outer surface of the golf ball body
and the coating includes a plurality of surface roughening
particles, wherein the surface roughening particles are
present in a sufficient amount at the exterior surface of the
coated golf ball body such that an average micro surface
roughness of the golf'ball is between about 1.3 um and about
3 pm, and wherein micro surface roughness includes devia-
tions from an ideal surface of 0.25 mm or less.

19. The golf ball according to claim 18, wherein the micro
surface roughness constitutes an average micro surface
roughness of atleast 7.5% of an entire surface area of the ball,
wherein the 7.5% of the entire surface areas is dispersed over
at least 36 discrete locations on the surface of the ball.

20. The golf ball according to claim 18, wherein the micro
surface roughness constitutes an average micro surface
roughness of atleast 7.5% of an entire surface area of the ball,
wherein the 7.5% of the entire surface areas includes surface
area surrounding at least 36 different dimples dispersed
around the surface of the ball.

21. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface,

wherein at least one of the outer surface of the golf ball body
and the coating includes a plurality of surface roughening
particles, wherein the surface roughening particles are
present in a sufficient amount at the exterior surface of the
coated golf ball body such that an average micro surface
roughness of the exterior surface of the golf ball is between
about 1.3 um and about 3 pm and the golf ball exhibits a
coefficient of lift at initial launch that is at least 5% higher as
compared to a coefficient of lift at initial launch of a com-
parative ball having the first set of construction specifications
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and the first dimple pattern but not including the surface
roughening particles, wherein micro surface roughness
includes deviations from an ideal surface of 0.25 mm or less
and wherein the coefficient of lift is measured at initial launch
using standard USGA indoor test range testing protocols with
balls launched in a pole orientation at an initial launch veloc-
ity of 242 ft/s, an initial launch angle of 11.3°, and an initial
launch spin of 44.7 revolutions/s.

22. A golfball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface,

wherein at least one of the outer surface of the golf ball body
and the coating includes a plurality of surface roughening
particles, wherein the surface roughening particles are
present in a sufficient amount at the exterior surface of the
coated golf ball body such that an average micro surface
roughness of the exterior surface of the golf ball is between
about 1.3 um and about 3 pum and the golf ball exhibits a
maximum coefficient of lift at a location at least 15 yards
farther from an initial launch point as compared to a location
of'a maximum coefficient of lift of a comparative ball having
the first set of construction specifications and the first dimple
pattern but not including the surface roughening particles,
wherein micro surface roughness includes deviations from an
ideal surface of 0.25 mm or less and wherein the coefficient of
lift is measured using standard USGA ITR testing protocols
with balls launched in a pole orientation at an initial launch
velocity of 242 fi/s, an initial launch angle of 11.3°, and an
initial launch spin of 44.7 revolutions/s.

23. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface,

wherein at least one of the outer surface of the golf ball body
and the coating includes a plurality of surface roughening
particles, wherein the surface roughening particles are
present in a sufficient amount at the exterior surface of the
coated golf ball body such that an average micro surface
roughness of the exterior surface of the golf ball is between
about 1.3 um and about 3 pum and the golf ball exhibits a
maximum coefficient of lift that is at least 5% higher than a
maximum coefficient of lift of a comparative ball having the
first set of construction specifications and the first dimple
pattern but not including the surface roughening particles,
wherein micro surface roughness includes deviations from an
ideal surface of 0.25 mm or less and wherein the coefficient of
lift is measured using standard USGA indoor test range test-
ing protocols with balls launched in a pole orientation at an
initial launch velocity of 242 {t/s, an initial launch angle of
11.3°, and an initial launch spin of 44.7 revolutions/s.

24. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface,

wherein at least one of the outer surface of the golf ball body
and the coating includes a plurality of surface roughening
particles, wherein the surface roughening particles are
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present in a sufficient amount at the exterior surface of the
coated golf ball body such that an average micro surface
roughness of the exterior surface of the golf ball is between
about 1.3 um and about 3 pm and the golf ball exhibits a
higher coefficient of lift throughout its descent as compared to
a coefficient of lift during descent of a comparative ball hav-
ing the first set of construction specifications and the first
dimple pattern but not including the surface roughening par-
ticles, wherein micro surface roughness includes deviations
from an ideal surface of 0.25 mm or less and wherein the
coefficient of lift is measured using standard USGA indoor
test range testing protocols with balls launched in a pole
orientation at an initial launch velocity of 242 fi/s, an initial
launch angle of 11.3° and an initial launch spin of 44.7
revolutions/s.

25. A golf ball, comprising:

a golf ball body having a first set of construction specifi-
cations and a first dimple pattern formed on an outer
surface of the golf ball body; and

a coating applied to the outer surface of the golf ball body
to thereby produce a coated golf ball body having an
exterior surface,
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wherein at least one of the outer surface of the golf ball body
and the coating includes a plurality of surface roughening
particles, wherein the surface roughening particles are
present in a sufficient amount at the exterior surface of the
coated golf ball body such that an average micro surface
roughness of the exterior surface of the golf ball is between
about 1.3 pm and about 3 um and the golf ball exhibits a ratio
of coefficient of lift to coefficient of drag at initial launch that
is at least 4% higher as compared to a ratio of coefficient of lift
to coefficient of drag at initial launch of a comparative ball
having the first set of construction specifications and the first
dimple pattern but not including the surface roughening par-
ticles, wherein micro surface roughness includes deviations
from an ideal surface of 0.25 mm or less and wherein the
coefficient of lift and coefficient of drag are measured at
initial launch using standard USGA indoor test range testing
protocols with balls launched in a pole orientation at an initial
launch velocity of 242 ft/s, an initial launch angle of 11.3°,
and an initial launch spin of 44.7 revolutions/s.
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